Background: Few studies have focused on the association between history of ischemic stroke at predialysis stage and mortality after dialysis initiation. Objective: To examine whether history of stroke in incident dialysis patients is associated with mortality, including all-cause and cardiovascular (CV)-related mortality. Methods: The study database was derived from the Aichi Cohort Study of Prognosis in Patients Newly Initiated into Dialysis, a multicenter, prospective, cohort analysis. We classified patients into 2 groups according to their history of ischemic stroke and compared their outcomes. Propensity scores (PSs) represented the probability of being assigned to a group with or without a history of ischemic stroke. We defined the following outcomes: allcause mortality; CV-related mortality; non-CV-related mortality; infection-related mortality; and stroke event after dialysis initiation. Factors contributing to the outcomes were examined using stepwise multivariate Cox proportional hazards analysis. Results: All-cause mortality was significantly higher in the ischemic stroke group (log-rank test p < 0.001). All-cause, non-CV-related, and infection-related mortality and stroke event after dialysis initiation were significantly higher in the ischemic stroke group after PS matching (logrank test: p < 0.001, < 0.001, 0.002, and 0.002, respectively). History of ischemic stroke was associated with all-cause mortality in univariate analysis (hazard ratio [HR] 1.85, 95% CI 1.44-2.37). History of ischemic stroke before dialysis initiation was associated with all-cause mortality in multivariate analysis (HR 1.39, 95% CI 1.05-1.85). Conclusion: The present study revealed that history of ischemic stroke before dialysis initiation was associated with all-cause, non-CV-related, and infection-related mortality and stroke event after dialysis initiation during maintenance dialysis.
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Introduction
Chronic kidney disease (CKD) is considered one of the most serious medical issues because it not only progresses to end-stage kidney disease but also leads to cardiovascular (CV) events and death [1] [2] [3] [4] [5] . Generally, the risk factors for stroke onset were as follows: aging, hypertension, lipid profile disorder, and CKD incidence and progression. In particular, both stroke and CKD patients have an equal risk of death [6] . Ovbiagele et al. [7] reported that patients with CKD accounted for 35% of patients with ischemic stroke in a large-scale cohort. Furthermore, Del Fabbro et al. [8] reported that out of 890 patients, 82 patients died 1 year after hospital discharge, 61% of whom had CKD. The onset of stroke in patients with predialysis CKD is related to the decline in kidney function and the survival rate [9] . Similarly, the onset of stroke in dialysis patients leads to a reduction in activities of daily living (ADL) and an increase in the mortality rate [10] .
CKD sequentially progresses from the predialysis stage via dialysis initiation to maintenance dialysis. From this perspective, we presumed that certain conditions and methods of disease management during the predialysis stage possibly influenced the incidence of CV events and mortality [11] . However, few studies have focused on the association between history of ischemic stroke at the predialysis stage and mortality after dialysis initiation.
Therefore, we examined the association between history of stroke in incident dialysis patients and mortality, including all-cause and CV-related mortality, using the database of incident dialysis patients.
Materials and Methods

Subjects
The study database was derived from the Aichi Cohort Study of Prognosis in Patients Newly Initiated into Dialysis (AICOPP), which was a multicenter, prospective cohort at the 17 AICOPP group centers between October 2011 and September 2016 [12] . Dialysis was initiated in 1,889 consecutive patients. We excluded 369 patients who died during hospitalization for dialysis initiation, withdrew from maintenance dialysis, or refused registration. The patients enrolled were at least 20 years old, had end-stage kidney disease, and gave written informed consent. In total, 1,520 patients were enrolled.
Baseline Patient Characteristics and Laboratory Data
Baseline was defined as the time at which dialysis was initiated. The blood pressure and body mass index (BMI) were measured prior to the first dialysis session. Coronary artery disease (CAD) was defined as follows: (1) history of percutaneous coronary artery intervention or coronary artery bypass graft, (2) episode of ischemic change on electrocardiogram with symptoms, and (3) positive findings during diagnostic imaging such as coronary artery computed tomography and myocardial scintigraphy. Symptoms of heart failure at dialysis initiation were defined as follows: (1) dyspnea accompanied with hypoxemia, (2) pulmonary congestion and pleural effusion on chest radiography, and (3) physical examination findings indicating fluid retention (edema and weight gain and jugular vein distention). Diabetes mellitus (DM) was defined as follows: (1) fasting blood glucose level ≥126 mg/dL, (2) random blood glucose level ≥200 mg/dL, (3) hemoglobin A1c (National Glycohemoglobin Standardization Program) level ≥6.5%, and (4) the use of insulin or oral hypoglycemic agents. The Barthel index (BI) is one of the most widely employed measurement scales for the evaluation of functionality [13] . The evaluation has a total score of 100, based on 10 items with a possible 10 points each. Thus, the highest score is 100 and the lowest is 0. A score of 100 points indicates an independent daily life. Since all the patients were started on dialysis during hospitalization for a few weeks, the BI was assessed just before hospital discharge or transfer to another facility, because physical function at dialysis initiation did not reflect normal status due to uremia.
Definition of Stroke
History of stroke, including both ischemic and hemorrhagic types, was defined as hospitalization for stroke treatment or obvious positive findings on diagnostic imaging, including computed tomography and magnetic resonance imaging. The patients were classified into 2 groups: those with and without a history of ischemic stroke, that is, the ischemic stroke and non-stroke groups. Patients with a history of hemorrhagic stroke were excluded from both groups.
Outcomes
We categorized the outcomes into 5 types: (1) all-cause mortality, (2) CV-related mortality, (3) non-CV-related mortality, (4) infection-related mortality, and (5) stroke event after dialysis initiation. We compared the outcomes between the ischemic stroke and non-stroke groups. The following were defined as CV disease: (1) heart failure requiring hospitalization, (2) acute coronary syndrome, (3) stroke, and (4) peripheral artery disease requiring hospitalization. Heart failure was diagnosed on the basis of hypoxemia with pulmonary congestion, pulmonary edema, or pleural effusion on chest radiography. Acute coronary syndrome was diagnosed on the basis of stenosis or occlusion on coronary angiography, percutaneous coronary artery intervention, or coronary artery bypass graft or electrocardiographic findings consistent with acute coronary syndrome. Stroke was diagnosed on the basis of neurological symptoms along with brain computed tomography or magnetic resonance imaging findings indicative of hemorrhage or infarction. We defined CV-related mortality as death due to the aforementioned CV diseases, and infection-related mortality as death due to complications such as sepsis, pneumonia, and urinary tract infection. ly, we conducted stratified analysis. We classified the patients into 2 groups, those with a BI score of 100 and those with a score < 100, and compared the outcomes between the 2 groups.
Stratified Analysis
Prognosis Surveillance
We surveyed the outcomes at 3 time points: April 30, 2014; April 30, 2015; and September 30, 2016 . Outcome data including all-cause mortality were obtained from the medical records of the AICOPP group institutions or responses from letters sent to facilities where the patients had been transferred for maintenance dialysis.
Statistical Analysis SPSS Statistics version 25 and the Easy R program were used for statistical analysis [14] . Baseline characteristics and laboratory data at the first dialysis session were compared between the ischemic stroke and non-stroke groups using unpaired t test and Fisher's exact test for nominal variables. All-cause mortality in the entire cohort was compared between the ischemic stroke and non-stroke groups by using the log-rank test for Kaplan-Meier curves. Factors related to all-cause mortality were selected using a univariate Cox proportional hazards regression analysis for all cases. We employed the following models for multivariate anal- Values are expressed as mean (SD). * Median (interquartile range). BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CAD, coronary artery disease; CTR, cardiothoracic ratio; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CRP, C-reactive protein; PTH, parathyroid hormone; CCB, calcium channel blocker; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ESA, erythropoiesis stimulating agent; DM, diabetes mellitus.
DOI: 10.1159/000500485 ysis: adjusted for age and sex (model 1); adjusted for model 1, with addition of DM, CAD, systolic blood pressure (SBP), and diastolic blood pressure (model 2); adjusted for model 2, with addition of hemoglobin, albumin, estimated glomerular filtration rate (eGFR), and low-density lipoprotein cholesterol (LDL-C; model 3); and adjusted for model 3, with addition of BMI, cardiothoracic ratio (CTR), loop diuretics, calcium channel blockers (CCBs), statins, angiotensin receptor blockers (ARBs), and angiotensin-converting enzyme inhibitors (ACEIs; model 4). We also conducted a stepwise multivariate analysis.
The propensity score (PS) was calculated using logistic regression models by matching the background characteristics with age, sex, DM, and CAD. Then, analyses of all-cause mortality, CV-related mortality, non-CV-related mortality, infection-related mortality, and stroke event after dialysis initiation were conducted for the ischemic stroke and non-stroke groups after PS matching. Furthermore, we conducted subgroup analysis for the BI score after PS matching adjusted for age, sex, DM, and CAD and compared all-cause mortalities between the subgroup/group with a BI score of 100 and that with a BI score of < 100. Statistical significance was defined as p < 0.05.
Results
Comparison of Baseline Patient Characteristics and Laboratory Data between the Ischemic Stroke and Non-stroke Groups Comprising the Entire Cohort
The incidence of ischemic stroke was greater than that of hemorrhage stroke (34 cases of hemorrhage stroke, 198 cases of ischemic stroke, and 11 cases of ischemic stroke with hemorrhage). Table 1 shows a comparison of the baseline patient characteristics and laboratory data between the ischemic stroke and non-stroke groups. Patients in the ischemic stroke group were significantly older and had a lower proportion of women, higher proportion of DM, lower BMI, lower DBP, higher proportion of heart failure symptoms, higher CTR, higher eGFR, lower serum creatinine level, lower serum phosphorus level, lower intact parathyroid hormone, and higher proportions of antiplatelet drug use and statin use than those in the non-stroke group. However, there were no significant differences in serum albumin and C-reactive protein between the ischemic stroke and non-stroke groups. The online supplementary table (see www.karger.com/ doi/10.1159/000500485) shows the comparison of baseline patient characteristics and laboratory data between the ischemic stroke and non-stroke groups comparing the entire cohort including patients with hemorrhagic stroke.
Comparison of All-Cause Mortality between the Ischemic Stroke and Non-stroke Groups Comprising the Entire Cohort
There were 381 cases (25.8%) of all-cause mortality during the follow-up period (ischemic stroke group: 78, non-stroke group: 303). Figure 1 shows the comparison of all-cause mortality between the 2 groups. All-cause mortality was significantly higher in the ischemic stroke group (log-rank test p < 0.001). Comparison of all-cause mortality between the 2 groups in the entire cohort. All-cause mortality was significantly higher in the ischemic stroke group (log-rank test p < 0.001). 
Univariate Analysis of Factors Affecting All-cause Mortality in the Entire Cohort
We obtained factors affecting all-cause mortality by performing a univariate Cox proportional hazards regression analysis ( Table 2 ). The history of ischemic stroke prior to dialysis initiation was associated with all-cause mortality (hazard ratio [HR] 1.85, 95% CI 1.44-2.37). Among other factors, age; sex; BMI; SBP; DBP; history of CAD; CTR; eGFR; serum creatinine level; blood urea nitrogen; hemoglobin level; serum albumin; serum LDL-C; serum CRP; and use of CCBs, ACEIs/ ARBs, loop diuretics, and statins were also found to be associated with all-cause mortality.
Multivariate Analysis of Factors Affecting All-cause Mortality in the Entire Cohort
The history of ischemic stroke prior to dialysis initiation was associated with all-cause mortality adjusted for age, sex, DM, CAD, SBP, DBP, hemoglobin, albumin, eGFR, LDL-C, BMI, CTR, loop diuretics, CCBs, statin, and ACEIs/ARBs (HR 1.36, 95% CI 1.01-1.82; Table 3 ). Furthermore, stepwise multivariate analysis revealed a significant association between the history of ischemic stroke and all-cause mortality (HR 1.39, 95% CI 1.05-1.85). In addition, age, SBP, serum albumin, eGFR, and use of CCBs were significantly associated with all-cause mortality (Table 4) . HR, hazard ratio; DM, diabetes mellitus; CAD, coronary artery disease; SBP, systolic blood pressure, DBP, diastolic blood pressure; Hb, hemoglobin; Alb, albumin; eGFR, estimated glomerular filtration rate; LDL-C, low density lipoprotein cholesterol; BMI, body mass index; CTR, cardiothoracic ratio; CCB, calcium channel blocker; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker. 
Multivariate Analysis of Factors Affecting CV-related, Non-CV-related, and Infection-related Mortality and Stroke Event after Dialysis Initiation in theEntire Cohort
We evaluated the HRs of ischemic stroke for CV-related, non-CV related, and infection-related mortality and stroke event after dialysis initiation using a multivariate cox proportional analysis ( Table 5 ). The history of ischemic stroke prior to dialysis initiation was associated with stroke event after dialysis initiation (HR 2.23, 95% CI 1.41-3.54).
Comparison of Baseline Patient Characteristics and Laboratory Data between the 2 Groups in the PS-Matched Cohort
There were 182 patients in each group. Table 6 shows the baseline patient characteristics and laboratory data of the 2 groups after PS matching. There were no significant differences between the 2 groups, except for heart failure symptoms and the use of antiplatelet drugs.
Comparison of Mortalities between the 2 Groups in the PS-matched Cohort
There were 109 cases of all-cause mortality (ischemic stroke group: 71, non-stroke group: 38), CV-related mortality (ischemic stroke group: 25, non-stroke group: 20), non-CV-related mortality (ischemic stroke group: 46, non-stroke group: 18), infection-related mortality (ischemic stroke group: 21, non-stroke group: 8), and stroke event after dialysis initiation (ischemic stroke group: 24 events, non-stroke group: 10 events) during the follow-up period. Figure 2 shows the comparison of all-cause mortality between the 2 groups in the PSmatched cohort, and Figure 3 shows the comparison of CV-related mortality, non-CV-related mortality, infection-related mortality, and stroke event after dialysis initiation. All-cause, non-CV-related, and infection-related mortality and stroke event after dialysis initiation were significantly higher in the ischemic stroke group after PS matching (log-rank test: p < 0.001, < 0.001, 0.002, and 0.002 respectively). Figure 4 shows the comparison of all-cause mortality between the stratified groups with a BI score of 100 and < 100. Significant differences were observed in the cumulative survival between the 2 groups with a BI score of 100 (p = 0.003).
Comparison of All-cause mortality between the 2 Groups after PS Matching with BI Score Stratification
Discussion/Conclusion
The present study revealed that a history of stroke prior to dialysis initiation was associated with all-cause, non-CV-related, and infection-related mortality of incident dialysis patients. In addition, the mortality rate was higher in the ischemic stroke group among patients with ADL independence. The significant features of the present study are as follows: (1) we set the baseline at the time of dialysis initiation and (2) we compared the mortality be- tween the 2 groups after PS matching in order to adjust the background characteristics as necessary.
Previous reports indicated that the ischemic stroke risk factors reflected those of atherosclerosis [15, 16] . In the present study, patients in the ischemic stroke group were significantly older with a greater number of men and higher DM comorbidity. However, there were no significant differences in serum lipid profiles between the 2 groups. In the general population, LDL-C correlates with atherosclerosis. However, previous reports have shown that lowering LDL-C level does not prevent atherosclerosis in dialysis patients [17] . Our observation that the ischemic stroke group did not show significant differences in serum lipid profiles is consistent with the findings of the previous report. Furthermore, we hypothesized that the decline in kidney function led to a poorer nutrition state in both groups; for this reason, hyperlipidemia, which potentially existed, might be concealed. Values are expressed as mean (SD). * Median (interquartile range). PS, propensity score; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CAD, coronary artery disease; CTR, cardiothoracic ratio; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CRP, C-reactive protein; PTH, parathyroid hormone; CCB, calcium channel blocker; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ESA, erythropoiesis stimulating agent; DM, diabetes mellitus.
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With regard to kidney function, eGFR was higher in the ischemic stroke group at the time of dialysis initiation. Early dialysis initiation is reportedly associated with better survival [18] [19] [20] [21] [22] [23] [24] . However, the Initiating Dialysis Early and Late study, which has a randomized controlled design, revealed that early dialysis initiation did not guarantee survival merit [25] . Yamagata et al. [26] showed that a higher eGFR at dialysis initiation was associated with a higher mortality rate during maintenance dialysis based on the Japanese Society for Dialysis Therapy registry data. In our view, earlier dialysis initiation with a high eGFR is more appropriate for the ischemic stroke group than for the non-stroke group, given the possible presence of critical conditions such as heart failure and over-hydration. Heart failure symptoms were significant in the entire cohort; these symptoms were in higher proportion in the ischemic stroke group. Besides, CTR in the ischemic stroke group was higher than that in the non-stroke group, but without significance, indicating that patients in the ischemic stroke group had more risk factors for CV disease at dialysis initiation, resulting in a higher incidence of mortality during maintenance dialysis.
We conducted PS matching for minimizing the differences in the baseline characteristics and laboratory data between the 2 groups. We found mortality, including allcause mortality, to be significantly higher in the ischemic stroke group even after PS matching. The present study demonstrated higher infection-related and non-CV-related mortalities in the ischemic stroke group. Generally, chronic inflammation and malnutrition were strongly associated with the onset and progress of CV disease. Sarcopenia, frailty, and the malnutrition-inflammation-atherosclerosis (MIA) syndrome are the main health problems in dialysis patients [27, 28] . Zimmermann et al. [29] showed that increased serum CRP levels are independent risk factors for CV disease. Stenvinkel et al. [30] showed that both inflammation and malnutrition are strongly associated with CV disease and arteriosclerosis and have described MIA syndrome. However, in our study, there were no significant differences in CRP and lipid profiles between the 2 groups, probably because the baseline was set at the time of dialysis initiation. Moreover, chronic inflammation and malnutrition caused by uremia, which were maximized at dialysis initiation, may have concealed the preexisting chronic inflammation and malnutrition. However, the relationship between lipid profiles and cerebral infarction remains to be clarified. Atherosclerotic cerebral infarction that accounts for about a quarter of cerebral infarction cases in Japan was reported to be positively associated with LDL-C and total cholesterol levels [31, 32] .
All-cause mortality was higher in the ischemic stroke group stratified according to BI scores. We compared ADL independence between the 2 groups, with BI score of 100 versus score of < 100. This allowed the 2 groups to Comparison of all-cause mortality between the 2 groups in the PS-matched cohort. All-cause mortality was significantly higher in the ischemic stroke group (logrank test p < 0.001). be compared based on whether or not ADL was independent. Based on the previously mentioned results, the history of stroke in incident dialysis patients was significantly associated with higher mortality in the ADL-dependent group. We supposed that the poor general health condition caused by the underlying sarcopenia, frailty, and MIA syndrome resulted in a high mortality rate among patients in the ischemic stroke group; nevertheless, uremia was improved with dialysis treatment [33] .
We compared only the ischemic stroke and non-stroke patients and excluded those with hemorrhagic stroke because of the difference between the cause of ischemic stroke and cerebral hemorrhage as well as because there were fewer patients with a history of cerebral hemorrhage than with a history of ischemic stroke in the cohort. Most cerebral hemorrhage cases were due to high blood pressure and had a poor prognosis.
The present study has several limitations. First, it is an observational analysis, and there were some differences in the baseline characteristics and laboratory data between the 2 groups. Therefore, residual confounding bias may have occurred, and although we used PS-matched cohorts of the 2 groups to minimize this problem, we were unable to match the 2 groups entirely. Second, we could not determine the ischemic stroke origins, such as lacunar stroke, aortic atheroma, or embolization. Finally, unknown confounding factors may not have been included in the analysis. The significant features of the present study are as follows: (1) we set the baseline at the time of dialysis initiation and (2) we compared the mortality between the 2 groups after PS matching in order to adjust the background characteristics as necessary.
Based on the findings of the present study, a history of ischemic stroke prior to dialysis initiation is associated with all-cause, non-CV-related, and infection-related mortality rates and stroke event after dialysis initiation during maintenance dialysis. 
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